ABSTRACT. One hundred and six accessions of hawthorn intraspecific resources, from the National Germplasm Repository at Shenyang, were subjected to genetic diversity and principal component analysis based on evaluation data of 15 fruit traits. Results showed that the genetic diversity of hawthorn fruit traits varied. Among the 15 traits, the fruit shape variable coefficient had the most obvious evaluation, followed by fruit surface state, dot color, taste, weight of single fruit, sepal posture, peduncle form, and metula traits. These are the primary traits by which hawthorn could be classified in the future. The principal component demonstrated that these traits are the most influential factors of hawthorn fruit characteristics.
INTRODUCTION
Hawthorn (Crataegus spp) is native to China, and over the past 3000 years, by both natural and artificial (human) selection, it has developed to form abundant germplasm. In 1982, the unique professional hawthorn germplasm resource-keeping garden was constructed in Shenyang, China. Four hundred accessions, contained in 11 Crataegus species, have been collected and saved in this repository; most resources belong to the intraspecific cultivar of hawthorn. As the scale of the collecting resource increases, research and appraisal of basic traits of hawthorn are possible. Germplasm resource evaluation has been carried out on the majority of fruit tree species in China, especially with respect to the study of fruit traits. Data has been widely reported for most species, including macadamia nut (Wang et al., 2011) ; loquat (Lin et al., 2009; Zhang et al., 2009 ); jack fruit (Wang et al., 2009) ; mango (Zhu et al., 2010) ; longan (Huang et al., 2010) ; Jujube (Yang et al., 2006) ; strawberry (Yang et al., 2007) ; apple (Wang et al., 2007) ; cherry (Qi et al., 2008) ; and peach (Wang et al., 2005) . The evaluation of hawthorn germplasm resource, however, has not been reported. In the current study, genetic diversity and principal component was analyzed to evaluate fruit traits for 106 accessions of Chinese hawthorn. The study provides practical guidance and theoretical basis for the future collection, development, and variety breeding of hawthorn.
MATERIAL AND METHODS

Plants
Accessions of hawthorn intraspecific resources (N = 106), maintained in the Shenyang National Hawthorn Germplasm Nursery were used (Table 1 
Data collection, trimming, and analysis
Based on the Hawthorn Germplasm Resource Description and Data Standard, basic trait and identification data were collected for each accession, including 14 fruit classification traits (peduncle form and trait; sepal form and posture; fruit form, surface color and surface state; fruit dot quantity, color, and size; pulp color and texture, and fruit flavor and fragrance) and a single numeric trait (fruit weight). The classification code used is shown in Table 2 . All data were analyzed using SPSS statistical software. 
RESULTS
Genetic diversity analysis of hawthorn germplasm fruit characteristics
Results are shown in Tables 3 and 4 . The variable coefficient of the fruit form (100 accessions) had the highest value (54.88%); fruit form was diverse and included suborbicular, flat circular, ovate, obovate, oblong, oval, wide ovate and square forms. The variable coefficient of the fruit surface state (99 accessions) was 42.87%; this trait included rough, smooth glossy, and smooth matte classifications. The variable coefficient of fruit dot color was 42.29%, including ashen, golden, tawny, and brown classifications (95 accessions). The variable coefficient of the peduncle form was 37.74%; wide-shallow, flat and upheaval forms were described in the 106 accessions. The variable coefficient of sepal posture was 37. 42% and included open-upright, half open-upright, half open-warped, open-flat, open-warped, folding , and folding-warped classifications. The variable coefficient of metula trait was 35.51%, including the classifications expanding, and a tumor in one side. The variable coefficient of fruit dot size was 31.75%, including small, medium, and large. The variable coefficient of sepal trait was 23.54%, including trilateral, lanceolate, and ligulate forms. The variable coefficient of fruit dot number was 20.56%, including few, medium, and many. The variable coefficient of fruit surface color was 17.22%, including yellow, red, and orange red. The variable coefficient of fruit fragrance was 41.39%, including thick, thin, and without smell. The variable coefficient of pulp color was 34.18%, including green, white, yellow, pink, and red. The variable coefficient of fruit fragrance was 26.51% including thin, thick, and without fragrance. The variable coefficient of fruit texture was 23.87%, including hard, compact, mellow soft, and soft. The variable coefficient of single fruit weight was 36.15%; the amplitude of variation was 1.5-16.5 g. Significant variable coefficients were those of fruit shape, fruit surface, fruit dot color, fruit flavor, single fruit weight, sepal posture, peduncle form and the trait of metula. Based on these results, we suggest that these be the major traits for hawthorn categorization in the future.
Analysis of frequency distribution of hawthorn traits
Genetic diversity of fruit traits in 10 hawthorn germplasm resource (Table 4) demonstrated that the peduncle form for most fruits was wide-shallow (61.32%), followed by open and flat; upheaval was the least common form. For the majority of accessions, the metula trait was expanded. The most common sepal state was triangular (56.6% of cases), followed lanceolate and then ligulate. The most common sepal posture was open and flat, followed by half open warped and open warped; open straight, half open straight and folded were less common, and folded warped was the least common. The majority of accessions had oblate fruit, and the most common fruit color was red (in 88.88% of cases). The most common fruit surface trait rough. All fruit examined had dots; the most common classification for the number of dots was medium, the majority of dots were golden and brown, and the majority of dots were medium sized. The most common sarcocarp color was yellow. The most common fruit texture was soft; the majority of fruit had a sour sweet or sweet sour flavor, and a thin fragrance (60.37%). 
Principal component analysis
Principal component analysis demonstrated the effect of each factor in form diversity; the cumulative contributive percentage of the first six principal components was 65.472%, containing the vast majority of messages (Table 5 ). The contributive percentage of the first principal component was 19.004%, of which, single fruit weight had a significant capacity, being the main factor of fruit economic traits. The second principal component included peduncle depression, metula and fruit dot color; these traits had abundant genetic diversity (Table 3 ). The third principal component included fruit texture, fruit flavor and sarcocarp color; these may reflect the correlated character of fruit texture in which fruit flavor is a negative factor. The fourth principal component included sepal posture and fruit surface traits; the fifth included fruit and sepal shape, with sepal shape being a negative factor; the sixth included fruit surface color, dot size, and dot numbers, with the latter being a negative factor. Table 5 . Results of analysis of principal components in hawthorn.
DISCUSSION
Analysis of fruit genetic diversity demonstrated that fruit traits reflect abundant genetic variation, with variable coefficients between 17.22 and 54.88%. Fruit shape, which had the highest variable coefficient, is an important indicator to reflect the external character of fruit, as is fruit surface state, which had the next highest variable coefficient. Fruit color had the smallest variable coefficient indicating that the color of the hawthorn is relatively uniform. Based on this result, we recommend increasing the number of yellow and orange cultivars within the hawthorn collection. For the majority of accessions, the sarcocarp was yellow, and followed by pink and green, with white and red cultivars (including Damianqiu, Datangqiu, Hengrenxiangyang, Niejiayu No. 2) being very rare. For the majority of the fruit, the sarcocarp texture was mellow. Hard sources are reportedly very rare (Dong, 2013 ) and in the current study, hawthorn cultivars that were very hard (including Pingyidahongzi, Shanxitiansheng, and Xifenshisheng) were outstanding resources. The majority of cultivars had a fruit that was sour-sweet or sweet-sour in flavor. Hawthorns which taste very sour, sweet, and with thin fragrance were very rare, so the sour-sweet and the sweet-sour are the outstanding resources, and there are 67 shares totally in 106 shares. Thin fruit fragrance was common, and fruits without fragrance were very rare. Based on analysis of frequency distribution of fruit traits in germplasm resources, the quantitative traits sepal posture, fruit shape, fruit dot color, and the number of fruit dots are abundant. There were seven classifications for sepal posture, but the majority of cultivars examined were classified as open and flat; fruit shape had eight classifications, and oblate was the most common; the majority of fruits had a rough surface; hawthorns with a smooth, glossy surface were very rare; and the majority of cultivars had a red fruit color, which species bearing yellow fruits being very rare.
These results demonstrate that hawthorn fruit peduncle, metula, sepal, fruit surface, the fruit dot form, and fruit flavor have genetic diversity. The data presented here provide abundant information on parent materials for hawthorn breeding, and improved scope for the development of hawthorn resources.
